Abstract. The present study retrospectively analyzed 96 newly diagnosed acute promyelocytic leukemia (APL) patients with low-intermediate mortality risk to identify the optimum timing to initiate cytotoxic chemotherapy following all-trans retinoic acid (ATRA) administration. Based on white blood cell (WBC) at chemotherapy initiation, the patients were divided into three groups: low WBC (WBC count ≤4x10 9 /l), intermediate WBC (WBC count >4x10 9 /l and <15x10 9 /l) and high WBC group (WBC count ≥15x10 9 /l). According to the period from ATRA commencement to chemotherapy, 96 patients were further divided into two groups: ≤3 days group (chemotherapy within 3 days of ATRA) and >3 days group (chemotherapy >3 days after ATRA). Clinical effects were compared by univariate analysis and multivariate analyses. The incidence rate of differentiation syndrome (DS; also termed retinoic acid syndrome) was 0.0, 11.1 and 40.0% in the low, intermediate and high WBC groups, respectively (P<0.001); complete remission (CR) rate was 90.5, 100.0 and 73.3%, respectively (P<0.001); and the rate of early mortality (defined as fatality during induction treatment) was 4.8, 0.0 and 26.7%, respectively (P<0.001). No differences were identified in clinicolaboratory parameters between the ≤3 days and >3 days groups, except in time to achieve CR (P= 0.004) and rate of bleeding related to chemotherapy (P=0.009), both being higher in the >3 days group. Multivariate analyses indicated WBC count at chemotherapy was the only independent risk factor for the occurrence of DS [P=0.002; odds ratio (OR) =1.058, 95% confidence interval (CI) =1.021-1.095] and early mortality (P=0.036; OR =1.036, 95% CI =1.002-1.070). For newly diagnosed APL patients with low-intermediate risk, chemotherapy initiation should be recommended until WBC count rises to between 4x10
Introduction
Coagulopathy resulting in critical hemorrhage is a leading cause of early fatality in acute promyelocytic leukemia (APL). The introduction of all-trans retinoic acid (ATRA) and arsenic trioxide (ATO)-based chemotherapy has notably improved clinical outcome for patients with APL, with the disease now considered as a curable malignant pathology (1, 2) . The National Comprehensive Cancer Network (NCCN) recommends ATRA and anthracycline-based chemotherapy with or without combination with ATO as the standard induction treatment (3) . It has been reported that complete remission (CR) rate may reach higher than 80% and that an early mortality rate (occurring during induction treatment) lower than 10% can be achieved following this treatment (4) (5) (6) (7) (8) (9) . However, epidemiological studies based on American and European populations indicated that early mortality of newly diagnosed APL may be underestimated, since a marked number of patients with poor physical status were excluded by the clinical trials or did not survive prior to recruitment (10) (11) (12) . These findings suggest that initial treatment of APL may not be sufficient to reduce early mortality, and therefore, that induction treatment requires further improvement.
Following use of ATRA, patients may have increased risk of developing leukocytosis and differentiation syndrome (DS) (1) . This complication usually occurs during induction therapy, in which leukemic blasts become present in abundance. The syndrome is characterized by unexplained fever, acute respiratory distress and/or capillary Influence of initiation time and white blood cell count on the efficacy of cytotoxic agents in acute promyelocytic leukemia during induction treatment 2 /day on days 1-5); induction treatment was combined with cytarabine (100 mg/m 2 /day on days 1-7) and/or hydroxyurea (2.0-3.0 g/day, adjusted according to regular blood tests). In addition, 36 patients simultaneously received ATO (0.15 mg/kg/day for 14 days). Chemotherapy was applied 0-21 days after initiation of ATRA (median time, 7 days; range, 0-20 days). Blood product support was applied to maintain a platelet (PLT) level ≥30x10 9 /l, hemoglobin level ≥70 g/l and plasma fibrinogen level ≥1.5 g/l. All adverse events related to treatments, including bone marrow depression, infection and bleeding were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.03 (15) .
Definitions. Retinoic acid syndrome, also known as DS, was diagnosed based on the incidence of at least two of the following clinical features: unexplained fever, acute respiratory distress with interstitial pulmonary infiltrates, acute renal failure, weight gain >5 kg, unexplained hypotension and pleuropericardial effusion (13) . Prevention strategies included dexamethasone (10 mg q12h) and discontinuation of ATRA and ATO. All 96 patients were categorized according to Sanz's risk stratification score (14) as low risk (WBC count <10.0x10 9 /l and PLT ≥40.0x10 9 /l at diagnosis) and intermediate risk (WBC count <10x10 9 /l and PLT <40.0x10 9 /l). CR was defined as the presence of <5% blast cells in bone marrow aspirates, PLT >100x10 9 /l and no juvenile cells in peripheral blood according to the criteria set by the US National Cancer Institute (16) . Early mortality was defined as fatality during induction treatment from the first day of hospitalizations. Eastern Cooperative Oncology Group performance status score (0-4 score) was applied to investigate patient's physical status prior to chemotherapy (17) .
Groups. In most cases, WBC count increased as ATRA was used. Thresholds were initially set according to the WBC count at chemotherapy initiation as ≤4x10 9 /l, >4x10 9 and <10x10 9 /l, and ≥10x10 9 /l, since normal WBC count is between 4x10 9 and 10x10 9 /l. However, no significant difference was determined using these classes. The thresholds were therefore altered until it was apparent when use of cytotoxic agents was appropriate. Thus, based on the WBC count at chemotherapy initiation, the 96 patients were divided into three groups: low WBC group (WBC count ≤4x10 9 /l), intermediate WBC group (WBC count >4x10 9 and <15x10 9 /l), high WBC group (WBC count ≥15x10 9 /l). Table I presents a comparison of the baseline clinical and laboratory parameters of the low, intermediate and high WBC groups. According to the period from ATRA commencement to chemotherapy, the 96 patients were also divided into two groups: ≤3 days group (treated with chemotherapy within 3 days of ATRA) and >3 days group (treated with chemotherapy at least 3 days after ATRA). Table II Statistical analysis. Statistical analysis was performed with SPSS v.17.0 software (SPSS, Inc., Chicago, IL, USA). All data were collected in January, 2015. Clinical features are presented as percentages (%) for categorical variables and as mean values ± standard deviation for normally distributed continuous variables. The χ 2 test was used to analyze the significance of differences in the distribution of categorical variables between the patient subsets, and Bonferroni's correction was used post-hoc to compare every two groups. The unpaired Student's test or Mann-Whitney test was used to analyze the significance of differences in the distribution of continuous parametric variables and the distribution of ranked variables. Multivariate analysis was performed by using a binary logistic regression model. WBC count at diagnosis, PLT count at diagnosis, WBC count at chemotherapy initiation and the period from ATRA to chemotherapy were considered in the multivariate analysis to evaluate their effects on DS, early mortality and remission. P<0.05 was considered to indicate a statistically significant difference.
Results

Comparisons of clinical effects among low, intermediate and high WBC groups.
Comparison of the baseline clinical and laboratory parameters showed no notable differences between these groups (Table I ). As depicted in Table III , the incidence of DS was 0.0, 11.1 and 40.0% respectively in the low, intermediate and high WBC groups, respectively (P<0.001). DS incidence was significantly lower in the low and intermediate WBC groups compared with in the high WBC group (P=0.001 and 0.003). There was no difference in the extent of bone marrow suppression between the three groups. Grade 3-4 infection rates were 71.4, 33.3 and 43.3% (P= 0.015). Multiple comparisons indicated grade 3-4 infection in the low WBC group was significantly more prevalent than that in the intermediate WBC group (P= 0.004). Grade 3-4 bleeding rates were 9.5, 26.7 and 40.0%, respectively (P= 0.055), which in the low WBC group was significantly lower than in the high WBC group (P= 0.016). CR rates were 90.5, 100 and 73.3%, respectively (P<0.001), which of the intermediate WBC group was significantly higher than of the high WBC group (P= 0.001). Early mortality rate in each group was 4.8, 0.0 and 26.7%, respectively (P<0.001), and determined as significantly higher in the high WBC group than in the intermediate WBC group (P=0.003). The time to achieve CR was similar between the three groups (P= 0.498; Table III) .
Comparisons of clinical effects between the ≤3 days and >3 days groups.
Comparison of the baseline clinical and laboratory parameters revealed that PLT count was higher in the >3 days group (P=0.001). Time between ATRA and chemotherapy was also associated with the distribution of Sanz's risk stratification (P= 0.012; Table II) . Regarding the initiation time of chemotherapy, there were no significant differences in DS incidence, grade 3-4 bone marrow suppression rate, grade 3-4 infection rate, CR rate and early mortality rate between the ≤3 days and >3 days groups (Table IV) . Time to achieve CR was longer in the >3 days group (37.6±10.0 vs. 30.8±11.7 days; P= 0.004). Although PLT count was higher in the >3 days group, bleeding related to chemotherapy was also more prevalent in the >3 days group . WBC count at chemotherapy initiation was also indicated to influence the occurrence of early mortality (P=0.036, OR =1.036, 95% CI =1.002-1.070). However, the period from ATRA to chemotherapy, WBC count at diagnosis and PLT count at diagnosis were not independent risk factors for DS, early mortality or remission failure (Table V) .
Interval group ----------------------------------------------
Discussion
NCCN guidelines recommend anthracycline-based chemotherapy as one part of induction treatment for newly diagnosed APL in order to reduce WBC count (3). However, the guidelines do not specify when to initiate chemotherapy. Tallman and Altman (2) suggested that chemotherapy should be used at least 1-3 days after ATRA and in newly diagnosed, low-intermediate-risk APL with WBC >5x10 9 /l. To the best of our knowledge, there is a lack of studies on the optimal timing of chemotherapy during induction treatment. Therefore, this was a focus of the present study, investigated through univariate and multivariate analyses.
de Botton et al (18) reported that early addition of chemotherapy to ATRA therapy in newly diagnosed cases of APL with low WBC counts significantly reduced the incidence of ATRA syndrome (9.2%), compared with in those who received chemotherapy until CR was achieved (18.0%). Furthermore, the incidence of early mortality related to DS was lower (0.5 vs. 2.5%). In the present study, DS incidence was 17.7%, similar to that reported by de Botton et al, but >24.8% reported for clinical trials LPA96 and LPA99 (18, 19) . Inconsistent diagnostic criteria for DS may account for the differences. In the study by de Botton et al, DS diagnosis was established on the basis of satisfying at least three clinical signs. In the present study, and LPA96 and LPA99, DS diagnosis was made on the basis of satisfying at least two clinical signs. However, de Botton et al investigated newly diagnosed APL with low or intermediate risk, as in the present study; whereas LPA96 and LPA99 did not stratify the patients included in the clinical trials. Furthermore, de Botton et al focused on the effect of chemotherapy used in different periods on DS incidence. Values are provided as number of cases (%) or as the mean ± standard deviation. WBC, white blood cell; DS, differentiation syndrome; CR, complete remission. Table III . Comparisons of clinical effects in the low, intermediate and high WBC groups. The present study also assessed other factors related to early mortality, including infection, bleeding and CR rate, among others, which may be influenced by the initiation time of chemotherapy. Following the use of ATRA, WBC count typically rises gradually, and risk associated with DS increases (13). Initiation of chemotherapy at different intervals during induction treatment for APL may lead to different outcomes. The present study demonstrated that when chemotherapy was initiated at a WBC count <4x10 9 /l and >15x10 9 /l, the patients exhibited higher CR rate (100.0%), lower early mortality rate (0.0%) and reduced possibility of infection (33.3%). For those who received chemotherapy at a WBC count <4x10 9 /l, infection rate was the most notable issue (71.4%) despite the lower incidence of DS (5.9%). As for the patients treated with chemotherapy at a WBC count ≥5x10 9 /l, DS incidence, bleeding rate, early mortality, CR rate and time to CR all appeared worse compared with the other two groups. These results may have been due to the following reasons: firstly, once the patients were treated with chemotherapy when WBC counts rose ≥15x10 9 /l, both the risk of DS and early mortality associated with DS may have increased markedly. Secondly, if WBC counts were too low, particularly if resulting in neutropenia, when chemotherapy was applied, infection may have been a main cause of increased early mortality rate. Therefore, the present study suggests treatment of newly diagnosed APL with chemotherapy when WBC count is between 4x10 9 and 15x10 9 /l. However, for those whose WBC counts are consistently low, whether chemotherapy is needed is worthy of further investigation. It is generally viewed that coagulant function may be improved at least 3 days after the initiation of ATRA (2, 20) . However, in terms of the period from ATRA commencement to chemotherapy, the patients treated with chemotherapy within 3 days of ATRA did not exhibit differences from those treated at least 3 days after with regards to early mortality rate, DS incidence and CR rate.
Interval group -----------------------------------------------
WBC group --------------------------------------------------------------------
Due to the retrospective nature of the present study, to decrease selection bias, the study aimed to confirm risk factors by multivariate analyses. The effects of WBC count at diagnosis, PLT count at diagnosis, WBC count at chemotherapy initiation and the period from ATRA commencement to chemotherapy were considered. The results indicated WBC count at chemotherapy was the only index capable of influencing the incidence of DS and early mortality. With regard to ethics, it is difficult to design a prospective randomized controlled trial to evaluate the appropriate time to use cytotoxic agents. However, a single-arm prospective trial may be considered for comparison with historical data.
Overall, for newly diagnosed APL with low-intermediate risk, patients may benefit more when chemotherapy is initiated at a WBC count between 4x10 9 /l and 15x10 9 /l during induction treatment.
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